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SYNOPSIS: This paper describes in detail a prediction about the responses of the soil and the RC diaphragm wall of a 
deep excavation in Taipei. The 21.8 m excavation was the deepest at the time, and it served as a good basis for testing previous 
back analysis results. As instrumentation records became available, updates were made and were passed to the contractor for 
the construction control purpose. The prediction was considered as a success. 
INTRODUCTION 
This paper describes a prediction that was made two 
weeks before a deep excavation started. Also described 
was how the prediction was then updated based upon the 
instrumentation feedback as the excavation progressed. 
The excavation depth of 28 m was the deepest in the city 
of Taipei at the time. The prediction was made in order 
to verify if the parameters that the authors suggested 
based upon back analysis could be employed successfully 
for design purposes. Prior to the prediction, the authors 
analyzed 7 braced excavations in the city that were 
instrumented. Since the analysis was done after these 
excavations were completed, it was not clear what kind 
of conservatism should be incorporated when used the 
finite element method in the design. It was also not clear 
how valuable the fmite element method could be used in 
the construction control. After the prediction was first 
made unilaterally by the authors, the contractor became 
interested and has volunteered information for the authors 
to update predictions and provided them as part of the 
construction control. 
THE EXCAVATION PLAN 
The excavation was part of the construction for a 
27 story building. RC diaphragm walls of 0.7 m in 
thickness and 33 m in length was used to enclosed an 
area of 6000 m2• The excavation depth was 21.8 m. 
As shown in Fig. 1, the excavation was planned to 
be carried out in 7 stages, and 6 levels of struts were 
designed. Instrumentation included the following: 2 in 
hole slope indicators, 18 steel bar strain gauges inside the 
RC diaphragm wall, 4 strut strain gauges on each level, 
and 10 earth pressure gauges. 
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FIGURE 1 Excavation Plan 
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SOU.. PROPERTIES 
The engineering properties of the local soil, often 
referred to as Taipei silt (Mohand Ou, 1979). For the 
site, a gravel layer was encountered at the depth around 
31 m, thus the wall was extended into the gravel layer. 
The site soil profile was simplified into five layers. 
From the ground surface downward, they are: 
(1) The surface layer consisted of backfill and silty 
clay, its thickness varied from 4 m along the east edge, 
to 0.4 m along the west edge. The average PI was 
around 11.5, and it was modeled as an undrained layer 
with c=5.6 ton/m2 and ¢=12.8°. 
(2) The second layer lay between the depth of 4 to 
11 m. It was mainly silty sand with small amount of 
gravel. Average standard penetration resistance N was 
16.5. It was modeled as drained layer, with c'=O and 
c/>'=35°. 
(3) The third layer lay between the depth of 11 to 
29 m. It belonged to silty clay with an average PI of 7. 8. 
(4) From the depth 29 to 34m lay the fourth layer. 
It was silty clay with thin layers of fme sands. Again, no 
drainage was allowed for the layer in the modeling, 
average PI was 6. c=7.6 tonlm2 and 1/1=11.2° were 
employed. 
(5) The bottom layer started around the depth 34m 
with SPT N value all above 75. 
EXPERIENCES FROM PREVIOUS STUDIES 
Seven excavations were studied by the authors (Lin, Ou 
and Deng, 1987), their details are given in Table 1. 
The finite element code SOIL-STRUT was used 
with slight modification for all these cases. The program 
uses the hyperbolic stress-strain relationship for soils. 
Although this simple soil model has long been recognized 
to have problems when significant yielding should take 
place. It was, nonetheless, found to be able to model 
most of the cases properly with a consistent set of input 
parameters. A fmite element code based upon an elasto-
plastic constitutive law was also developed but the 
computation did not yield better results and was not 
employed for the prediction. 
Other than the fact that the case represented the 
deepest excavation at the time in the city, two conditions 
were also new that were not encountered in the back 
analysis with the existing seven cases. 
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First, the prestress in the bracing struts was much 
higher than those previously used in the city. The design 
strut preloads were between 70 and 220 metric ton. 
Secondly, the effects of the gravel layer at the tip 
of the RC diaphragm wall on the wall behavior was not 
clear. For the seven cases studied the gravel layer all 
located below the retaining wall, mostly at a depth of 
around 50 m. The presence of the gravel layer thus 
represented a new scenario. 
TABLE 1 Cases studied prior to prediction 
Excavation Wall 
BUU..DING Area Depth Thickness Length 
(m2) (m) (m) (m) 
Chi-Ching 2300 13.9 0.7 28 
Chi-Chang 1900 13.6 0.7 28 
Tai-Power 5400 16.2 0.7 22 
Chung-Yian 1750 16.2 0.6 23 
Chung-Hwa 2334 14 0.6 22 
Shin-Yea 2200 12.5 0.6 21.5 
Chung-Wei 1650 14.7 0.7 27 
ORIGINAL PREDICTION 
Finite element analysis was carried out in 15 steps to 
simulate the construction plan: 
(1) Compute in-situ stresses. 
(2) Dewatering before excavation. Dewatering was 
considered to be taking place rather rapidly and affected 
the first two layers. 
(3) Excavated to the depth of 3m. 
(4) Applied preload at the first strut level. 
(5) Installed the first level struts and completed the 
excavation to 7 .5m below the ground surface. 
(6) Applied preloads to the second strut level. 
(7) Installed second level struts and completed the 
excavation to 11m below the ground surface. 
(8) Applied preloads to the third strut level. 
(9) Installed third level struts and completed th( 
excavation to 14m below the ground surface. 
(10) Applied preloads to the fourth strut level. 
(11) Installed fourth level struts and completed th1 
excavation to 17m below the ground surface. 
(12) Applied preloads to the fifth strut level. 
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· (13) Installed fifth level struts and completed the 
excavation to 20m below the ground surface. 
To account for the fact that the tip of the 
diaphragm wall penetrated into the gravel layer and that 
the constraint on the wall might not be very strong, the 
prediction was made by considering that the wall was 
hinged at the bottom. 
(14) Applied preloads to the sixth strut level. 
(15) Installed sixth level struts and completed the 
excavation to 21.8m below the ground surface. 
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FIGURE 2 Prediction, updates and measurements (wall deflection-first three stages) 
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EXCAVATION STAGE: 3 
FIGURE 3 Prediction, updates and measurements (Moment-first three stages) 
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FIRST UPDATE 
The initial phase of the construction proceeded rather 
well and before the authors knew it the first three stages 
of excavations were completed. Thus the first 
comparisons were made between the pred~ctio_n and the 
observation at that stage. They are shown m F1gs. 2 and 
3. Several observations were made: 
(1) Soils located deeper than 20 m seemed to have 
a greater stiffness than that used. 
(2) The predicted pattern of moment distribution 
in the upper part of the wall seemed to agree with the 
measurements. The wall stiffnesss used appeared to be 
too high. 
(3) The strut loads predicted were higher than 
those recorded. Actual stiffness should be discounted 
from its nominal value. 
(4) The pattern of measured wall deflection 
suggested that the bottom of the wall should be modeled 
as fixed. 
Input parameters were modified based upon these 
observations. In addition, the dewatering was different 
from the original plan, and a correction was made. 
Moreover, preload was reduced to 80% of the designed 
value as the stiffness did not reach nominal value a loss 
·in preload would occur. 
The update was also shown in Figs. 2 and 3. 
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SECOND UPDATE 
The updated predictions were compared with recorded 
results after the fourth stage excavation was completed. 
The comparisons are depicted in Fig. 4. The comparisons 
indicated: 
(1) The soil below 20m depth was not as stiff as 
that used in the first update. 
(2) The actual moment was slightly less than the 
predicted value. 
The only change made during the update was in 
the soil parameters. The soil between 20 and 29 m deep 
were changed back to original input, and only the soil 
below 29m was maintained at a higher stiffness to reflect 
its high N values. The updated and the observed values 
were also shown in Fig. 4. 
The contractor decided then to add an additional 
seventh layer of struts before the final stage of 
excavation although the prediction clearly did indicated 
that would not be necessary. The following update took 
that into account. 
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FIGURE 4 Prediction, updates and measurements (the fourth stage) 
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FINAL UPDATED PREDICTION 
The comparison of the updated prediction and the 
observations are depicted in Figs. 5 and 6. The 
Prediction gave slightly larger wall deflections until the 
final stage. Moments were consistently overestimated. 
The strut loads of the sixth layer were underestimated 
substantially. Several reasons may contribute to it 
including the effects of preloads were still not well 
modeled, the temperature effects on the strut steel, and 
may be the long term creep of the soil. 
CONCLUSIONS 
The prediction and updated predictions as 
described may be viewed as a success. Even without 
updates, the orginal prediction gave good fmal deflection 
estimates of the wall. However, onece update was carried 
out to match a certain observation, it was imperative that 
update be continuously made so that a temporary bias 
due to the update process might be later corrected. 
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This study clearly demonstrates that finite element 
analysis can be very effectively used in design where soil 
structure interaction is important. Finite element analysis 
can be first used to find· the best estimates of the design 
control factors and the required design safety margin. By 
working closely with contractors, and by devising a 
flexible construction plans, feedback from the 
instrumentation provides a sound basis for construction 
control. 
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FIGURE 5 Prediction and measurements (wall deflection-the final three stages) 
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